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We report on isofield magnetic relaxation data on a single crystal of Ba\- x K x Fe2As2 with super- 
conducting transition temperature T c = 32.7 K which exhibit the so called fish-tail effect. A surface 
map of the superconducting transition temperature shows that the superconducting properties are 
close to homogeneous across the sample. Magnetic relaxation data, M(t), was used to obtain the 
activation energy U(M) in order to study different vortex dynamics regimes. Results of this anal- 
ysis along with time dependent measurements as a function of field and temperature extended to 
the reversible region of some M(H) curves demonstrate that the irreversibility as well the second 
magnetization peak position, H P (T), are time dependent and controlled by plastic motion of the 
vortex state. In the region delimited by a characteristic field Hon (well below H v ), and H p , the 
vortex dynamics is controlled by collective pinning. For fields below Hon the activation energy, Uo, 
increases with field as expected for collective pinning, but the pinning mechanism is likely to be in 
the single vortex limit. 

PACS numbers: 74.70.Xa,74.25.Uv,74.25.Wx,74.25.Sv 



I. INTRODUCTION 

The recent discovery of the iron-pnictides supercon- 
ductor systems 1 - 3 with critical temperatures ranging 
from 20 to 55 K raised an intense interest on the study 
of their properties, such as pairing mechanism, themody- 
namics and transport, normal-state band-structure, etc.. 
Among these works, one can also find few studies ded- 
icated to the vortex-dynamics, which due to their rela- 
tively high T c and upper critical field H C 2 , are gaining in- 
terest for applications. Iron-pnictides materials, depend- 
ing on each system and doping, exhibit the peak effect 
in the critical current, which is associated with a sec- 
ond magnetization peak appearing in the magnetization 
field M(H) curves. Some of these systems also present 
a large magnetic relaxation which resembles for instance 
the giant-magnetic-relaxation observed in the cuprates 8 . 
The study of the second magnetization peak also known 
as the "fish-tail" peak is of great interest, from both, 
academic as well technological view points^ 5 . Funda- 
mentally speaking, the mechanism and the origin of this 
effect is still much debated partly because it is system 
dependent with classification predominantly determined 
by superconducting anisotropy 4 ^— 

So far, flux-dynamics studies of the second magneti- 
zation peak in iron-pnictides were performed on the sys- 
tems, SmFeAsOo, 9F0.1 with T c = 55 K where the authors 
infered weak and collective pinning 12 , NdFeAsOo. S5 13 
and Ba(Fe\^ x Cox)iAsi, the most studied system, where 
the peak effect appears only for samples near opti- 
mally doping^— and weak and collective pinning are 



claimed in most of the works. The fish-tail has been 
also observed in Bao,eKo^Fe2As2 with T c =36.5 K and 
studied from transport measurements^. It is interest- 
ing to mention that the slightly underdoped samples 
of the Bai- x K x Fe2As2 system (T c >30K) presents a 
phase-separated co-existence of antiferromagnetism and 
superconductivity^ 1 - which might be associated to the 
fact that samples with T c below 28 K do not show the 
second magnetization peak. Indeed it is likely that most 
forms of inhomogeneity (T c variation, doping variation, 
impurity phases, magnetic inclusions) will wash out the 
peak effect. Its observation is usually related to sample 
purity. Studies on Ba(Fe\- x Co x )2As2 includes; deter- 
mination of the normalized flux-pinning force around the 
second magnetization peak^; collective to plastic pin- 
ning crossover at the peak suggested by flux-creep data 
and relaxation rate analysis 1 ^; collective to plastic pin- 
ning crossover at the peak infered by flux-creep data and 
the generalized-Inversion-Scheme analysis for the acti- 
vation energy^; fish-tail studied by magnetic measure- 
ments and magneto-optical imaging 1 ^; observation of 
a highly disordered vortex-state from Bitter decoration 
and small-angle neutron scattering^; vortex state struc- 
tural phase transition at the peak from magnetization 
and flux-creep measurements within a thermodynamics 
analysis 1 ^. The above studies are summarized in the ta- 
ble below, with comments of the type of measurement 
performed and the main conclusions of the study. 

Importantly, the possibility that a first order phase 
transition instead of a vortex-dynamics crossover has 
been proposed to explain the second magnetization peak 
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Studied Samples Tc meas u re me nts+ results conclusions 



NdFeAsO0.85 poly- 

crystalline- J.D. 
Moore et al. Ret. 13 


Tc =46K 


Fish-tail associated to a 
maximum in the creep rate with 
field at T=20,35 K 




SmFeAsO0.9F0.1 
poly- crystalline 

H. Yang et al. 

I. Ref.12 


Tc =55K 


M(H) curves - dynamic and 
traditional creep rates + 
activation energy analysis 


weak 

collective pinning 


BaFe(1 -x)CoxAs2 
single crystal 
Y. Nakajima et al. 
Ref.15 


Tc ~25K 


M(H) curves- Bean-like 
penetration of vortices by 
magneto optical images 




BaFeO.9CoO.1As2 
single crystal 
A. Yamamoto et al. 
Ref.16 


Tc =22K 


M(H) curves ~ normalised 
pinning force scaling 
independent of T around second 
peak 


dominant strong 
vortex pinning 
mechanism 


BaFe0.93Co0.07As2 
single crystal 
M.R. Eskildsen et al. 
Ref.18 


Tc =22K 


Low field Bitter decoration + 
small angle neutron scattering 


high-disordered 
vortex-state due to 
strong pinning. 
Absence of 
collective pinning 


BaFe0.926Co0.074As2 
single crystal 
R. Prozorov et al. 
Ref.17 


Tc=22K 


M(H) curves - creep rate 

around second peak 

Activation energy comparison— 


collective pinning 
H<Hp 

plastic pinning 
H>Hp 


BaFe(1 -x)CoxAs2 
single crystals 
samples as a 
function of x 
B. Shen et al. Ref.14 


fish tail 
x-0.08 
Tc~20- 
25 K 


M(H) curves-dynamic creep rate 

around second peak 

Generalised inversion scheme 
for activation energy 


collective to plastic 
for H>Hp 

collective pinning 
H<Hp 


BaFe0.925Co0.025As2 
single crystal 
R. Kopeliansky et al. 
Ref. 19 


Tc =25K 


M(H) curves - creep rate around 
second peak as function of T 
thermodynamics analysis 


phase transition of 
the vortex state 
near Hp 


Ba0.6K0.4Fe2As2 

single crystal 

H. Yang et al. Ref.20 


Tc =36K 


M(H) curves - vortex pinning 
force around second peak 


pinning by small 
size normal cores 


This work 
Ba(1-x)KxFe2As2 
x-0.28 single crystal 


Tc=32.7 
K 


Tc Map+M(H) curves+magnetic 
relaxation from H<Hon up to 

H>Hp smooth activation 

energy curves obtention+creep 
rate analysis 


collective to plastic 
at Hp — single to 
collective at Hon 
without change in 
the creep rate 
behavior 



TABLE I: Iron-pnictide systems which show the fish-tail ef- 
fect. 



in the pnictides demonstrates the need of more detailed 
and rigorous vortex-dynamics analysis. It is that moti- 
vated the present work. Another point not covered in 
the literature is the study of the crossover that should 
exist at the onset field of the fish-tail, also known as 
Hon. Phenomenologically speaking one should expect 
a crossover from single to collective pinning at Hon be- 
cause magnetization changes curvature at Hon, and it 
appears that this matter has not been studied in detail. 
In this work we address these above points by performing 
a detailed study of the vortex-dynamics as a function of 
magnetic field and temperature in an iron pinictide single 
crystal of Ba\- x K x Fe2As2 with superconducting tran- 
sition temperature T c = 32.7 K which exhibits the fish- 
tail effect. The work addresses the existence of a change 
in the pinning mechanism (or crossover) associated with 
the anomalous second magnetization peak, as found in 
YBaCuOii and the pinning-crossover expected to exist 
at Hon. This work complements a previous study of the 
vortex phase diagram performed on the same system^ 
and as above mentioned vortex-dynamics studies per- 
formed in other pinictides system s 12 ' 14 ! 15 ' 17 using differ- 



ent approaches. The experiment is conducted by obtain- 
ing magnetic relaxation data over selected isothermic M 
vs. H curves, M(H), for magnetic fields values ranging 
from just above H c \ (actually above the first penetration 
field peak appearing in isothermic magnetization M(H) 
curves) up to field values close to the irreversible point 
Hirr. Magnetic relaxation curves are used to obtain the 
corresponding activation energies 2 - 2 * allowing the study of 
the pinning mechanism for magnetic fields in the region 
of the anomalous second peak as treated in RefflTI and 
below the field Hon. We have also measured isofield zero- 
field-cooled magnetization curves as a function of temper- 
ature, Mvs.T curves. All data, M(H) and Mvs.T curves, 
were obtained for H|| c-axis. The Mvs.T curves were used 
to obtain the near equilibrium irreversibility line, since 
M(H) curves obtained at different effective dH/dt rates 
shown that the irreversible point is time dependent. 

Results of this work show that the temperature depen- 
dence of the second magnetization peak position, H p and 
of the irreversibility field Hirr are well explained in terms 
of a plastic motion of the vortex lattice. Results also 
demonstrate the existence of a crossover in the pinning 
mechanism at Hon, where apparently, this crossover oc- 
curs without a change in the behavior of the activation 
energy Uq with field (increasing with field). 



II. EXPERIMENTAL 

We measure a high quality crystal of Ba\- X K X F e-iAs-i 
with T c — 32.7 K corresponding to a potassium content 
x=0.28 and with mass of approximately 0.05 mg. This 
is the same sample studied in our previous work-2 7 - and 
show a fully developed superconducting transition with 
width AT C ~ IK. The crystal was grown by a flux- 
method described elsewhere^. Magnetization and mag- 
netic relaxation data were taken after cooling the sample 
in zero applied magnetic field (but in the presence of 
the earth magnetic field). A commercial magnetometer, 
based on a superconducting quantum interference device 
(SQUID) was used for bulk magnetization measurements 
and a scaning Hall probe magnetometer (MHPM) — was 
used to map the superconducting transition temperature 
distribution over the entire sample and to obtain few 
isothermal images of magnetic field profile in the sample, 
with a spatial resolution of 5 microns. Magnetization- vs- 
field, M(H) curves were obtained at fixed temperatures 
ranging from 24 to 32 K, for fields up to 50 kOe. All M(H) 
curves were obtained by extracting the data after the field 
was stabilized, in most cases the superconducting mag- 
net was set in persistent mode. Additional curves were 
obtained with the magnet in the non-persistent (driven) 
mode, in order to obtain the hysteresis curves. Magnetic 
relaxation data, M(t) curves, were obtained at ~60 s in- 
tervals over a period of ~4000 s for fields in the lower 
branch (increasing field) of selected isothermic hysteresis 
curves. We also measure long time magnetic relaxation 
curves over a period of 12 hours for selected values of 
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FIG. 1: Surface map of the superconducting transition tem- 
perature of the studied sample. The transition temperatures 
of the scanned surface are identified by colors labeled on the 
right. 



magnetic field at T = 29.5 K and 28.9 K. Few magnetic 
relaxation data were measured on the upper branch (de- 
creasing field) of the hysteresis curves to check for data 
symmetry, which confirm that bulk pinning is dominant 
for the studied isothermals. We also obtained isofield 
zero-field-cooled and field-cooled magnetization curves, 
Mvs.T, with fields ranging from 0.05 to 30 kOe. 



III. RESULTS AND DISCUSSION 

Figure 1 shows a surface map of the superconducting 
transition temperature T c as obtained from the scaning 
Hall probe magnetometer with a 0.1 kOe field applied 
parallel to the c-axis after a zero-field-cooled procedure. 
It is possible to see from Fig. 1 that the sample is ba- 
sically formed by two major regions, corresponding to 
more than 90% of the sample, one with T c =31.8 K that 
surrounds an inner region, the larger one, with T c = 32.3 
K. The sample also has a very small border or edge re- 
gion with T c =31.2 K corresponding to about 5% of the 
sample, and an even smaller region with T c 32.8 K. The 
T c homogeneity of the sample can be considered in very 
good approximation to be within 0.5 K, showing that the 
sample is of high-quality and any effect due to sample in- 
homogeneity is expected to be negligible. 

Figure 2 shows typical magnetization curves, M(H), 
obtained at T=30.7 K exhibiting the anomalous second 
magnetization peak. Most of the M(H) curves obtained 
in this work show the fish tail as depicted in Fig. 2, 
allowing the extraction of the values of the fields Hon, 
the field above which the second peak is formed, H p , 
the field which marks the second peak position, and Hirr 
which marks the field above which magnetization is re- 
versible. The detail shown by plotting different curves 
on Fig. 2 is the time dependence of magnetization. The 
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FIG. 2: Isothermic M(H) curves at T=30.7 K plotted with 
M(t) data obtained for fixed fields. The upper inset show 
detail of data for fields near the reversible region. The lower 
inset show a plot of Uo p i vs. H for H>H P . 



outer curve of Fig.l was obtained in the fastest way al- 
lowed by the equipment with an effective field sweep rate 
of «50 Oe/s, while the internal curve is obtained with an 
effective field rate of wl.5 Oe/s. The third curve was ob- 
tained near the irreversibility region with a delay time of 
10 minutes after each field value is stabilized. The large 
difference between these three M(H) curves evidences the 
large magnetic relaxation of this system as reported else- 
where. The upper inset of Fig. 2 shows in detail the 
relaxation effect on the irreversible field Hirr. It is pos- 
sible to see from Fig. 2 that both, H p and Hirr are time 
dependent and that their values drop with time. Similar 
M(H) curves with 10 min time delay as in Fig. 2 were 
also obtained at T=30.1 and 31.3 K 

Figure 2 also shows magnetic relaxation data measured 
during 4000 sec for selected fields around the second mag- 
netization peak which are plotted with the original M(H) 
curve. Magnetic relaxation curves, M(t), as show in Fig. 
2 allow to study the vortex-dynamics, and have been 
obtained on six isothermic M(H) curves for fields go- 
ing from below Hon to above H p . Magnetic relaxation 
curves, M(t), were collected for a set of selected magnetic 
fields on MvsH curves at T=25.5, 27.2, 28.9, 29.5, 30.1 
and 30.7 K. All M vs. log(t) curves obtained during 4000 
seconds follow the typical linear curve observed in most 
flux creep experiments. This trend was also observed for 
12 hours relaxation data obtained for fields above Hon, 
but not for fields below Hon, as will be discussed later. 

We analyzed flux-creep data by following one of two 
different approaches. Either we obtained the relaxation 
rate S = (l/M )dM(t)/dlnt for each M(t) curve and 
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FIG. 3: Activation energy U(M,T) for fixed fields after scaled 
by the scaling function g(T/T c ) = (1 - T/T c ) 1,5 ; a) for fields 
R>H P ; b) for fields Hon<H<# p . Insets show U(T) vs M 
curves for selected fields prior scaling 

analyzed its behavior with H22r— , or we analyze the 
activation energy U(M) by fitting each curve to the 
expression predicted by the collective pinning theory, 
U(H, M) = U Q (H)(M{t)/M y, which allow to study the 
behavior of the exponent v with H. In the last expression 
M(t) replaces M(t)-M eg where M eq is the equilibrium 
magnetization, obtained from the average magnetization 
of both branches in each M(H) curve. 

Several different approaches presented in the 
literatures^^ allow one to obtain the activation 
energy U(M) from M(t) curves. Here, the activation 
energy U(M) is obtained for each M(t) curve by applying 
an approach developed by Maley et ali22 where 

U = -Tln(dM(t)/dt) + CT 

and C is a constant which depends on the hoping dis- 
tance of the vortex, the attempt frequency and the sam- 
ple size. We should mention that similar U(M) curves 
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FIG. 4: Isothermic M(H) curves at T=29.5 K plotted with 
M(t) data obtained for fixed fields. The lower inset show de- 
tail of data for low fields. The upper inset show a double plot 
of the exponent v vs. H (left y-axis) and S=(l/Mo)dM/dlnt 
vs. H (right y-axis). 



can also be obtained from M(t) curves by following an 
approach developed in Reff23l. The insets of Figures 3a 
and 3b show results of this approach with C=27 (this 
value will be justified below) after application to selected 
M(t) curves obtained for fixed magnetic fields at selected 
temperatures. The temperatures are selected in a way 
that each M(t) curve for a given field is located below 
the field H p of its original M(H) curve (but above Hon) 
as in Fig. 3a and above H p as in Fig. 3b . This condition 
is necessary since pinning mechanisms below and above 
Hp might be of different nature^. As shown in these fig- 
ures, the U(M) curves do not form a smooth curve with 
M, which is expected for temperatures very close to T^. 
To obtain a smooth curve we have to scale the activation 
energy curves shown in the insets of Figs. 3a and 3b by 
a g(T/T c ) scaling function. 

Figures 3a and 3b show the results obtained by choos- 
ing g(T/T c ) = (1 - T/T c ) 15 . This scaling function 
of U(M) was suggested in RefH and relies on pinning 
length scales for temperatures close to T,~. The interest- 
ing result of Fig. 3 is that below H p (Hon<H< H p ), the 
smooth curves follow a power law with M~ 1A as expect 
from the collective pinning theory^, but a logM behav- 
ior is obtained for fields above H p . The above analysis 
yield a constant C=27 for our sample which is used to 
obtain the activation energy U(M) for each M(t) curve 
(we mention that this value of C=27 is of the same order 
as values obtained for high-T c cuprates^). 

Figure 4 shows a selected M(H) curve measured at 
T=29.5 K. The M(H) curve is plotted with magnetic re- 
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laxation data obtained over 1 hour (4000 sec) for fixed 
magnetic fields going from below Hon to above H p . The 
lower inset of Fig. 4 shows details of the low field data, 
providing evidence of the behavior before and after the 
field Hon. The upper inset show results of the relaxation 
rate S (right y- axis) and exponent v (left y-axis) plotted 
as a function of H. The values of S and of the exponent 
v were obtained as discussed above, by analyzing each 
M(t) curve and the respective U(M) curve. It is inter- 
esting to note that the behavior of S and v with H are 
quite similar. The relaxation rate drops as field increases 
from below Hon up to a field close to H p (the second 
peak position), increasing again as H become larger than 
Hp. Similar curves for S and v as a function of H were 
observed on all M(H) curves over which we measured 
magnetic relaxation. 

In addition to the fact that the exponent v follows the 
inverse trend of the relaxation rate S as a function of H, 
the absolute values of v can provide relevant information 
about the pinning mechanism 11 . As shown in the upper 
inset of Fig. 4, the region of fields between Hon and H p 
corresponds to the region where for which the re- 

lation U{H, M) = U 0co i(H)(M(t)/M ) v predicted by the 
collective pinning theory might apply. Values of — v m 1 
are expected from collective pinning theory, while values 
much smaller than 1, as observed on M(t) curves below 
Hon and above H p , may be due to single vortex pinning 
regime for lower fields, or plastic pinning occurring above 
H p , respectivelyii. 

Figures 5a and 5b show U(M) curves as obtained from 
M(t) curves appearing in Fig. 4. Figure 5a show a set of 
U(M) curves for fields H<Hon plotted with a set of U(M) 
for Hon<H<iJ p . Figure 5b shows a set of U(M) curves 
for fields Hon<H<i? p plotted with a set of U(M) curves 
for H>H p . It is possible to see from these plots that the 
fields Hon and H p are in fact characteristic fields separat- 
ing regions with differences in the vortex dynamics. Fol- 
lowing the results of Ref fill we fit U(M) for fields above 
Hp with the expression U p i = Uq p i(H)(1 — yj M{t)/M ap i. 
This is the appropriated description for plastic motion. 
Results of the fitting of U(M) to the collective pinning ex- 
pression of U performed for Hon<H<_ff p and to the plas- 
tic expression of U performed for fields H>H p produced 
values of Uq co i(H) and Uq p i{H) which show a power law 
behavior with H. As expected, Uq co i{H)k,H® a increases 
with field while Uo p i(H)xiH~ - 7 decreases with field. The 
above exponents of H are used to scale the correspondents 
U(H,M) curves shown in Figures 5a and 5b turning them 
in-to smooth curves of U(M) (in arbitrary units) plotted 
against M(t). The results of this scaling are shown in 
Figure 5c. It is interesting to observe that each scaled 
curve follows a power law behavior with M where each 
exponent value agrees with the averaged value of the 
exponent v found in each corresponding field region as 
shown in the upper inset of Fig. 4. The smooth curves 
of Fig. 5c demonstrate the existence of a crossover in the 
pinning mechanism as field increases above Hon as well 
demonstrate that the second magnetization peak in the 
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FIG. 5: U(M) curves as obtained from M(t) curves at 29.5 K: 
a) U(M) curves for fields H<Hon and Hon<H<Jf p ; b) U(M) 
curves for fields Hon<H<_ff p and H>H P ; c) U(M) curves after 
scaled. 

studied sample is due to a pinning crossover mechanism, 
as was first demonstrated in Refill! for YBaCuO. The 
second magnetization peak occurring at H p is formed by 
a crossover in the pinning mechanism, from collective to 
plastic pinning as the field increases. A visual inspection 
of U(M) curves for H<Hon in Fig. 5a suggests that these 
curves have the same behavior as the curves obtained for 
K>Hp for which it is possible to infer that a plastic pin- 
ning dominates. However, this hypothesis is inconsistent 
with the fact that the activation energy Uo p i(H) (found 
by fitting U(M) curves for H<Hon to the correspondent 
expression for plastic pinning) for H<Hon increases with 
field. On the other hand, the scaled U(M) function ap- 
pearing in Fig. 5c for H<Hon was obtained assuming 
that U(M) has a power law dependence with H of the 
form « H~ 02 , an H dependence with a negative expo- 
nent as found in the region H>Hp. These contradictory 
facts eliminate the possibility of plastic pinning in the 
region below Hon, as well as eliminate the possibility of 
collective pinning as observed for Hon<H<_ff p . Figure 
6 show plots of the relaxation rate S — (l/Mo)dM/dlnt 
as obtained from magnetic relaxation data over three se- 
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FIG. 6: The relaxation rate S is plotted against the magnetic 
field in logarithmic scale for selected temperatures. The plot 
displays values of S as obtained for fields below Hon up to 
fields close to H p . 



lected isothermal M(H) curves for fields in the region of 
Hon. The same trend shown in Fig. 6 of S decreasing 
with field was observed in all M(H) isothermals, which 
means that, in fact, the correspondent activation energy 
Uq = ksT/S as defined by Beasley et al<^ increases 
with field in the region H < Hon. This is an interesting 
finding, because due to the positive inclination of M(H) 
for H<Hon one would expect Uq to decrease with field. 
Since above Hon, the activation energy Uo co i (H) (collec- 
tive pinning region) also increases with field, the change 
in the pinning mechanism occurring at Hon has a differ- 
ent nature (probably single to collective pinning) than 
the pinning crossover occurring near H p (which is collec- 
tive to plastic). The formation of the peak appears then 
to come from the existence of a pinning crossover, prob- 
ably from single to collective pinning, as Hon is crossed. 
This is the field region (H<Hon) above which the fish-tail 
shape takes place. 

We present in Fig. 7 the vortex-phase diagram ob- 
tained from the M(H) curves. An interesting finding is 
that the line defined by the values of H p (T) does not 
touch the irreversibility line, but ends at some tempera- 
ture below T c . This feature is shown in the inset of Fig. 7 
which shows that the anomalous second peak in the mag- 
netization is only well defined for temperatures below 32 
K. A similar behavior for the H p (T) line was observed for 
a deoxygenated YBaCuO crystal^. The crossover from 
collective to plastic pinning only exists below T<32 K, 
since M(H) curves obtained above this temperature do 
not show the second magnetization peak. It is impor- 
tant to mention again that both, H p (T) as well Hirr(T), 
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FIG. 7: Vortex phase diagram of the studied sample. Solid 
lines on Tirr(T) and H P (T) data were obtained by fitting the 
respective data to the expression ~ [1 — (T/T c ) ] 17 , solid line 
on Hon(T) data was obtained by fitting the data to the expres- 
sion w (1-T/Tc) 1 ' 35 , while dotted line on T C (H) data is only a 
guide to the eyes. The inset show M(H) curves obtained near 
T c detailing the temperature onset of the anomalous second 
magnetization peak. 



are time dependent, and U(M) curves for fields close to 
both, H p (T) and Hirr(T), seems to be fitted by the plas- 
tic expression for the activation energy. To exemplify 
the time dependence of Hirr, values of Hirr obtained on 
M(H) curves by using different time windows, as for in- 
stance show in the upper inset of Fig. 2, are plotted 
with values of Ti rr obtained from isofield M vs. T curves 
(not shown). It is interesting to note that the values of 
Ti rr are close to the values of Hirr obtained 10 minutes 
after the field was stabilized. As shown in RefflTI , the 
fact that both, H p (T) and Hirr(T) are time dependent 
(with these values being shifted to the left with time) 
suggests that these fields are controlled by plastic pin- 
ning with expected temperature dependence of the form 
f/p(T)«[l - (T/T C ) 4 ] 1A . This expression was obtained 
in Refflll after considering that Uo P i ~ if -0 ' 7 . Since our 
fittings of U(M) in the region H>H p produced a similar 
behavior for Uq p i with H, with an exponent of H varying 
from -0.6 to -0.7 depending on the temperature of the 
M(H) curve, we also start our fittings of the H p (T) and 
Tirr(H) lines by assuming the temperature dependence 
«[1 - (T/Tc) 4 ] 1 ' 4 . However, the best fittings, as shown 
in Fig. 7, were obtained with a slightly different expres- 
sion, * [1 — (T/Tc) 4 ] 1 - 7 . For consistence we only fit 
values of Tirr(H). For the Hon(T) line we try the general 
expression R2 (1 — T/T c ) m where m is a fitting parame- 
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12 3 

10 2 H (kOe)/(1-(T/TJ 4 ) 1 - 7 

FIG. 8: Isothermic AM/(1 - (T/Tc) 4 ) 1 ' 7 are plotted against 
H/(l— T/Tc) 1 ' 7 . Upper inset shows isothermic AM(H) curves 
used in the main figure. The lower inset show a plot with 
values of AM extracted from curves in the upper inset for 
H=H P plotted against the reduced temperature T/T c . 

ter. (This expression failed to fit Hirr(T) data as well as 
the high temperature region of H P (T) data). The best 
fit show in Fig. 7 was obtained with m=1.35. This value 
of the exponent m is very close to 1.5, and we observe 
that the value of m=1.5 (corresponding to the tempera- 
ture dependence of the pinning length scale assumed for 
g(T/T c )) also produced a reasonable fitting of Hon(T) 
data suggesting single pinning of vortices in the region 
below Hon. The dotted line linking the T C (H) points is 
only a guide to the eyes. The values of T C (H) plotted in 
Fig. 7 were extracted from results obtained in the same 
sample in Reff27l. 

We plot in Fig. 8 an attempt to scale several AM 
vs. H curves which were obtained by subtracting the 
two branches of each respective M(H) curve. The main 
figure shows a plot of several AM/(1 - (T/T) 4 ) 1 - 7 vs. 
H/(l — T/Tc) 1 - 7 curves which reflects the consistency of 



the analysis performed in this work. The upper inset 
shows the original AM vs. H curves. Since the H p vs. T 
line in Fig. 7 follows a dependence with (1 - (T/Tc) 4 ) 1 - 7 , 
we find it natural to choose the same temperature de- 
pendence to scale the x-axis which is the magnetic field 
H. The scaling law used in the y-axis, AM, was based 
on the fact that the strength of the critical current which 
is of the order of AM, should follow the temperature 
dependence of the pinning length scale, which for tem- 
peratures close to T c has the form22 (1 - T/Tc) 1 - 5 (this 
is the same scaling function g(T/T c ) used on the anal- 
ysis of the activation energy presented in Fig. 2). The 
lower inset of Fig. 8 shows a plot of AM for H=H p vs. 
T/T c , which shows a dependence with (1 — T/Tc) 1 -' in- 
stead (1— T/Tc) 1 ' 5 . For this reason we choose to scale SM 
with (1 - T/Tc) 1 - 7 instead (1 - T/Tc) 1 - 5 which produced 
a better scaling of the curves. 



IV. CONCLUSIONS 

In conclusion, our study of the vortex-dynamics in 
Ba\^ x K x Fe<iAs2 shows that the second magnetization 
peak occurring at H p is formed by a crossover in the pin- 
ning mechanism, from collective to plastic pinning as the 
field increases. This crossover only exists below a cer- 
tain temperature T<32 K, since M(H) curves obtained 
above this temperature do not show the second magne- 
tization peak. It is also shown the existence of a pinning 
crossover, probably from single to collective pinning, as 
Hon is crossed. This is the field region (H<Hon) above 
which the fish-tail shape takes place. Results of this work 
show that both H p (T) as well Hirr(T) are time dependent 
and their temperature dependence are well explained by 
an expression predicted by assuming a plastic motion of 
the vortex state. We also show that the g{T/T c ) scaling 
function of U(M) curves (used in Fig. 3) and the tem- 
perature dependence expression used to fit the H p (T) 
and Hirr(T) lines, can be used to scale several AM(H) 
producing a reasonable collapse of the curves. 
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